Abs/rucr. Fourteen cases of spontaneous mucoid enteritis, five cases that occurred after transmission of material from natural cases, and 13 control animals were studied to define disease characteristics and lesions. Prominent clinical features included diarrhea with passage of mucus, polydipsia, crouched stance, distended abdomen, succussion splash, and subnormal temperature. Transmission of the disease was equivocally successful. Rabbits with mucoid enteritis had moderate leukocytosis, hyperglycemia, azotemia, serum globulin alterations, and electrolyte imbalance. Autopsy consistently revealed distended stomach, fluid-filled small bowel, impacted cecum, and mucus-filled colon. In the small intestine there was mucus-cell hyperplasia and in the colon mucous casts, glandular dilatation, and depletion of acidic mucus. The small-bowel changes in mucoid enteritis are similar to those in enterotoxin-induced secretory diarrheas, and the excessive discharge of mucus is comparable to that of cystic fibrosis.
Mucoid enteritis is a subacute fatal disease in young rabbits and has long been a major source of economic loss to commercial rabbitries. The disease was first reported by the Los Angeles County Livestock Department, which documented cases as early as 1929 and explored cause, treatment, and prevention in the early 1940's [29] . Brief descriptions suggest that the disease was recognized in England in 1943 [39] .
HURT [29] in 1949 gave the first thorough description of the clinical and gross pathologic features of mucoid enteritis. The disease occurred most frequently in 4-to 12-week-old animals, but does sometimes died from a peracute form just prior to or after kindling. Clinical signs included 'anorexia, dullness, rough coat, intense thirst, tympanites, and the passing of jelly-like mucoid material from the bowels'. Affected rabbits appeared to suffer great pain; they 'sit all humped up over the water crock and grind their teeth'; and their temperatures were subnormal. In most cases autopsy revealed the stomach to be distended with thin fluid and mucus, the small intestine either to be empty or to contain various amounts of fluid and mucus, the cecum to be impacted and sometimes to contain gas, and the large intestine to be filled with a thick mucoid or gelatinous material that often formed a solid plug [29] .
Since 1949 other authors have written about mucoid enteritis, but few have improved upon the original description. MUIR [39] noted distention of the gall bladder and the absence of evidence of enteritis. TEMPLETON [55, 561 noted weight loss and dehydration, the epidemic or endemic nature of outbreaks, a high frequency at 5-7 weeks of age, squinted eyes, constipation or diarrhea, and the characteristic succussion splash. HAGEN [26] reported the frequency to be highest in the 7th week of life and the course to be 4-10 days.
GREENHAM [25] attempted to prevent or alter the course of mucoid enteritis through change in diet, hygiene, and medication with antibiotics. He concluded that fresh green vegetables did not prevent the disease, poor hygiene resulted in increased mortality, and although antibiotics appeared ineffective prophylactically, they alleviated diarrhea and delayed death. CASADY et a/.
[lo] concluded that restricted availability of water, a common treatment, did not reduce mortality and in fact caused decreased weight gains. In 1964, MCCUISTION [33] suggested that mucoid enteritis was a neonatal hypoamylasemia, but he presented no data to substantiate his claim. Diastase was suggested as a remedy. ARRINGTON and WALLACE [3] were unable to demonstrate that feeding diastase to young rabbits was beneficial and suggested that adequate amylase is secreted by 28 days of age. Their evidence discredited the theory that a deficiency of enzyme caused mucoid enteritis.
ROLLINS and CASADY [47] documented an increased frequency of deaths from enteritis in relation to decreased ambient temperatures. I n 1967, MARCATO and SJA'BAN [35] interpreted histologic features of the disease in Italy. They reported hypersecretory and degenerative epithelial changes, plasmacytosis and lymphocytosis of lamina propria and submucosa, and degenerative alterations in the mesenteric plexuses.
In 1969, RICHTER and HENDREN [46] and BROWN et a/. [6] described an acute enteritis of captive cottontail rabbits, which they believed was similar to mucoid enteritis of domestic rabbits. Although these authors described 'large amounts of gelatinous mucus' in the colon, most of the lesions they described and some of their illustrations resemble lesions of Tyzzer's disease [57] , and therefore suggest this 'acute enteritis' may be a compositc of several diseases. VETESI'S report [58] from Hungary of mucoid enteritis included similar evidence of concomitant Tyzzer's disease. He did, however, illustrate the goblet cell hyperplasia that is characteristic of mucoid enteritis.
TAYLOR [54] recently reported the disease in Ontario. POUT [44] , in a report of a few cases from England, described 'complete loss of villi' as a lesion; his photographs, however, suggest this change to be artifactual.
The cause of mucoid enteritis is unknown. Evidence suggests that the disease is infectious, but transmission attempts and microbiologic studies have been inconclusive. Our initial efforts to determine the pathogenesis prompted consideration of similarities to cholera and tocystic fibrosis of man.
Cholera has recently been recognized as an enterotoxin-induced secretory disease of the small intestine [4, 5, 9, I I , 18, 20, 22, 27, 38, 41, 43, 49, 501. It is characterized by an absence of gross or microscopic destruction of mucosa and by the presence of a biochemical 'lesion', namely an alteration in cyclic AMP of villous epithelial cells, induced by an exotoxin of Vihrio cholerae, and a consequent increased movement of water and electrolytes from plasma to gut lumen. Cholera enterotoxin induces chloride secretion ; decreased sodium absorption; fluid, potassium, and bicarbonate efflux; and discharge and accelerated synthesis of goblet cell mucus [I I , 181. Affected small bowel loops are distended with translucent fluid containing flecks of mucus (rice water stools). Staphylococcus aureus, Shigella dysenteriae, Escherichia coli, and Clostridiuni pet-fringens also produce enterotoxins that initiate a similar secretory diarrhea.
Cystic fibrosis is a secretory disease of a different nature. Originally named for the end-stage fibrosis and cystic dilatation of the pancreas, the disease has more recently been recognized as a generalized derangement in transport of electrolytes and production of mucus [I, 2, 7, 8, 12-1 7, 19, 2 I, 23, 24, 28, 30-32, 34, 36, 37, 40, 42, 45, 48, 51, 52, 591 . Excessive loss of sodium and chloride occurs in sweat, salivary, and lacrimal glands, and excessive tenacious mucus is produced by intestines, pancreatic ducts, bile ducts, salivary glands, trachea, and bronchi. Recognition of the primary role of the abundant thick mucus has led to the synonym 'mucoviscidosis'. Clinical signs are a reflection of the organs or systems primarily affected. Hypersecretion of tenacious mucus in the neonate results in intestinal obstruction, known as 'meconium ileus' [I, 2, 8, 16, 23, 40, 511. Obstipation caused by tenacious intestinal mucus in later life is designated the 'meconium ileus equivalent' [7,23,28, 401. Obstruction of pancreatic ducts leads to infantile loss of pancreatic function, accompanied by maldigestion and steatorrhea, and followed by the classic fibrosis and cystic change [I, 2, 16, 19, 23, 32] . Occlusion of bile ducts by mucus results in a characteristic focal biliary cirrhosis [ I , 2, 13, 16, 19, 23, 321 , and hypersecretion of mucus in trachea and bronchi leads to classic respiratory 'cystic fibrosis', a bronchitis, bronchiolitis, bronchiectasis, and emphysema, followed by pneumonia resulting from obstruction by mucus of the flow of air, and deranged ciliary activity [I, 2, 591.
Materials and Methods
A local producer of laboratory rabbits cooperated in the study of spontaneous mucoid enteritis; his herd consisted of 230 breeding does, 30 males, and 430 young stock. Eighty percent of his animals were New Zealand Whites, and 20% were English. All were housed in a well-ventilated, well-illuminated rectangular building of wood and metal. Heaters kept the room temperature above 45"F, and five large, thermostatically controlled exhaust fans, initiated sequentially by temperatures above 45°F. allowed movement of warm air and moisture from the unit. Individual cages were wire-bottomed and supplied with a wooden nest box and resting platform, metallic feeder, and automatic watering device. Cages were arranged in four single-tiered, double rows, which ran the length of the barn.
Daily visits were made to the farm, cases of mucoid enteritis were identified, and selected diseased animals and appropriate healthy controls were purchased for study. The stock was free of hepatic coccidiosis and Tyzzer's disease, and virtually free of intestinal coccidiosis. Respiratory infections were mildly endemic, and occasional cases of nonmucoid diarrhea occurred. Only animals with unequivocal clinical signs of mucoid enteritis were purchased, and controls of the same breed, sex, and age were taken from healthy litters.
Transmission Strides
Three attempts were made to transmit mucoid enteritis to weanling New Zealand White rabbits by oral inoculation with freshly ground diseased intestine and contents (mucoid enteritis inoculum). The rabbits used in study I and study 2 were healthy weanlings purchased from the rabbitry under study; those used in study 3 were from another commercial source.
In study 1, 18 rabbits, 6 weeks old, were randomly divided into six equal groups: inoculum only, inoculum plus neomycin, inoculum plus prednisolone, and three similar control groups. Both sexes were equally represented. Control inoculum consisted of freshly ground intestine and contents from a healthy rabbit. Food was withheld from all rabbits on the day of inoculation. Neomycin sulfate, 250 mg, was administered by mouth once daily for 2 days before and 3 days after exposure, and 6 mg of prednisolone acetate were injected intramuscularly daily for 2 days before and 3 days after exposure.
In study 2, 36 5-week-old rabbits of both sexes were divided into six equal groups identical to those in study I. lnoculum and treatment were similar.
In study 3,32 7-week-old rabbits of both sexes were divided into four equal groups, identical to the inoculum-treated, inoculum-plus-prednisolone-treated, and control groups of study I. Inoculum and treatment were similar.
Examination of Rabbits
Signalment was recorded, a complete physical examination was conducted, a large blood sample was taken by cardiac puncture, and the rabbit was then killed. At autopsy, urine, feces, duodenal chyme, ileal contents, and colonic mucus were collected for laboratory study. A standard set of tissues was taken from each rabbit and preserved in 10% buffered formalin. The following pieces of intestine were removed: duodenum 6 cm distal to pylorus, mid-jejunum, ileum 8 cm proximal to cecum, sacculus rotundus, cecum, appendix, sacculated colon 6 cm distal to cecum, distal colon 6 cm distal to sacculated colon, and rectum. Tissues were embedded in paraffin, sectioned at 6pm, and stained with hematoxylin and eosin and by the alcian blue-PAS method [53] . Laboratory 
Incidencci
Spontaneous cases of mucoid enteritis were observed over a 2-year period, from fall 1969 through fall 1971. Of 4,200 rabbits kindled, 50-100 died with mucoid enteritis yearly. The disease was endemic during the fall and winter months. It appeared abruptly with the first cold snap of the year and gradually disappeared with the coming of warm weather. Multiple cases per cage unit (i.e. two to three per litter) were frequently observed; the disease occurred almost exclusively in suckling New Zealand White rabbits; healthy, well-growing animals were affected ; and an over-consumption of pelleted feed by a litter frequently preceeded the onset of illness. Duringthe 1970-1971 season, 14 spontaneous cases in succession were selected for detailed study, and 14 controls were taken for comparison. Three of the control group were later deleted from the study because they had pneumonia or coccidiosis. The rabbits with mucoid enteritis included seven males and seven females (this distribution occurred by chance), 5-8 weeks of age, with weights ranging from 0.6 to 1.7 kg.
Transmission
Study 1. All three rabbits that had been given mucoid enteritis inoculum plus prednisolone died from mucoid enteritis 14,33, and 35 days, respectively, after inoculation (table I). They were in the same cage, and therefore the long interval between the onset of disease in rabbit I and rabbits 2 and 3 suggests that 2 and 3 contracted the disease from rabbit I . Rabbits in all other groups were housed in the same room and remained healthy for I month after rabbit 3 became ill, or for a total of 70 days. At the time of the last two deaths, two adult New Zealand White does in a breeding colony in a room 150 feet from the experimental animals died from mucoid enteritis. Both rabbits were 1-2 days from parturition, and the disease occurred in a group that was previously free of mucoid enteritis. A caretaker inadvertently may have transmitted the disease. Study 2. On days 9 and 10 after inoculation one rabbit that was given inoculum and one that received inoculum plus antibiotics had a few clinical signs of mucoid cnteritis and then recovered. Two of six rabbits inoculated died from the disease after I 1 and 33 days, respectively. Two of the six that had received similar inoculum plus antibiotics died of mucoid enteritis after 16 and 33 days, respectively. One of six that received inoculum plus prednisolone died after 27 days. Three of the affected animals were males, two were females; all were autopsied. The 18 animals in the three control groups were housed in the same room and remained healthy until the termination of the study 38 days after inoculation.
Study.?. Rabbits in this study were inoculated orally on days 1 through 3 and then again with fresh inoculum and prednisolone on days 14 through 16. On day 14 a vial of mucoid enteritis inoculum was accidently shattered on the floor of the room housing all groups of experimental animals. Of eight rabbits in the group that received inoculum alone, three developed mucoid enteritis on days 12,41, and 41, respectively. Of eight given inoculum plus prednisolone two developed mucoid enteritis on days 14 and 38. Of eight given inoculum derived from a healthy control rabbit two developed mucoid cnteritis on days 27 and 38. All eight given control inoculum and prednisolone remained healthy. Occasionally many rabbits in both the experimental and control groups had transient signs associated with mucoid enteritis, e.g., tympany, loss of weight, and diarrhea, but did not develop the complete disease. The study was terminated on day 50, and all animals were autopsied.
Through circumstance all the animals in study 3 served as their own controls. Initially 64 rabbits were purchased for this study. They were 4 weeksold on arrival and were immediately grouped and given prednisolone. When no source of fresh inoculum could be obtained the medication was continued.
On the 6th day after arrival an epizootic of Tyzzer's disease began. Over a period of 1 week, approximately 48(:;, of the animals succumbed. Once the disease subsided, a week of recovery was allowed, one or two additional rabbits were culled, the healthy were regrouped, and study 3 was begun again. During this 3-week period when the rabbits were of a most susceptible age (4-7 weeks old) and were under the stresses of a new environment, change in feed and water, medication, and Tyzzer's disease, no spontaneous cases of mucoid enteritis occurred. After exposure of the group to inoculum, many cases appeared.
Clinical Feulures
Four groups of animals were studied: group I consisted of 14, 5to 8-week-old rabbits with spontaneous mucoid enteritis; group I I consisted of four, 13-to 14-week-old rabbits that developed mucoid enteritis during transmission study 3; group 111 consisted of two, 14-week-old rabbits from study 3 that had had transient signs of mucoid enteritis but appeared normal at the time of euthanasia; and group IV consisted of 1 I, 6-to 8-week-old healthy control rabbits. Mucoid enteritis occurred spontaneously at 5-8 weeks of age and was apparently induced in rabbits 13-14 weeks old. Males and females were equally affected. Clinical signs included anorexia, polydipsia, weight loss, subnormal temperature, decreased respiratory rate, depression, crouched stance, ruffled hair coat, pale irides, palpable vertebral column, palpable impacted cecum, succussion splash, and staining of perineum with mucus, dried yellowish liquid or brown liquid feces (table 11) . Squinting of the eyes and pale, cold ears were inconsistent findings. Grinding of the teeth was noted in only one animal, and excessive salivation was not noted.
Laboratory Features
Rabbits with mucoid enteritis had increased packed cell volume, erythrocyte count, and hemoglobin concentration (table I1 I), changes that might be attributed to dehydration. Sedimentation rate was increased. Total leukocyte counts were moderately elevated over those of control rabbits, whose counts fell below the published range for normal rabbits. This may be a reflection of the age group sampled or the Coulter counting that, in our laboratory, yields lower erythrocyte and leukocyte counts than hand counting methods. A relative and absolute increase in segmented neutrophils, and in some rabbits in band forms, occurred, and lymphocytes and monocytes were proportionately decreased.
Eight rabbits with mucoid enteritis had higher values for serum lipase, and two had higher values for amylase than controls but the significance of this is doubtful. Blood glucose was elevated (in spite of the fact that these animals had not eaten), and some rabbits had abnormally high values for blood urea nitrogen (table IV) .
Rabbits with mucoid enteritis had elevated serum albumin and globulin, some of which may be attributed to dehydration. Serum a,and P,-globulins were significantly increased (table V) .
Urinalysis showed increased albumin, decreased urobilinogen, and uniform aciduria in rabbits with mucoid enteritis (table VI); some also had indicanuria. Chyme analysis showed an absence of demonstrable trypsin activity in over 50q;, of rabbits with mucoid enteritis, but this was noted also in two of nine control rabbits (table VII). The fact that the diseased rabbits had not eaten and had stagnation of small-bowel contents may have contributed to failure to secrete trypsin or to destruction of existing trypsin. Microscopic examination of ileal contents did not show unsplit fat or a Cecum reflected to expose small intestine. Note gas pocket and impaction of cecum, mucus-distended sacculated colon, and distended small intestine containing characteristic translucent fluid. Fig. 3 . Formalin-fixed section of colon and characteristic mucous plugs. Fixation has clouded the appearance of the mucus.
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S. Karger, Basel significant amount of undigested starch. The pH of colonic contents was significantly higher i n rabbits with mucoid enteritis, the alkalinity being attributed to the presence of excess alkaline mucus.
Serum sodium, chloride, calcium, and potassium were decreased in rabbits with mucoid enteritis (table V111) . I n 5to 8-week-old diseased animals serum phosphorus was elevated. Concentration of sodium in jejunal fluid was equivalent to that in serum.
Group I and group I I rabbits with mucoid enteritis had similar clinical and laboratory features. The group 111 rabbits, which had only transient signs of the disease and were healthy at the time of autopsy, had clinical features similar to the controls but resembled the diseased rabbits in total leukocyte and differential counts, serum lipase, and blood glucose.
Aulopsy Fwlurcs
All the animals studied by clinical and laboratory methods were killed and autopsied. One additional 9-week-old rabbit with mucoid enteritis was added to group 11, and two healthy 14-week-old controls (group V) were compared morphologically to the older diseased rabbits. Gross lesions were confined to the alimentary tract, mesenteric lymph nodes, and gall bladder. Rabbits with the spontaneous disease and those from transmission study 3 had identical lesions, with one exception, and therefore are described toget h er .
Sixteen of 19 rabbits with mucoid enteritis had grossly distended stomachs ( fig. I) . Eighteen of 19 stomachs contained fluid and gas, and in essentially all stomachs the mucosa was lined by a thin layer of white tenacious mucus. All diseased rabbits had distention of the duodenum to one-and-one-half to twice normal diameter. Contents were watery, translucent, semi-mucoid, and often bile-stained or mixed with yellowish chyme.
Jejunal loops were distended similarly i n 15 of 19 rabbits. Bile and chyme were less frequently present, and a characteristic translucent watery, semimucoid fluid could often be recognized through the thin, unopened intestinal wall ( fig. 2) . Four of 19 rabbits had partially inspissated chyme in undistended distal jejunal loops.
Ileum was similar to jejunum and contained similar characteristic fluid i n five of 19 rabbits. Fourteen of 19 had pasty to partially inspissated chyme in undistended ileum. Cecum was impacted with dried cecal contents in 14 of 14, 5to 8-week-old rabbits and in one 9-week-old rabbit ( fig. 1 ). Contents were pasty and appendix was impacted in four of four 13to 14-weekold diseased rabbits. Fourteen of 19 ceca also contained pockets of gas.
In rabbits with impaction of the cecum, proximal sacculated colon contained similar semi-dried material for 1-2 cm. Sacculated colon was distended with clear jelly-like mucus in 18 of 19 rabbits ( fig. I, 2 ). I n one, mucus and feces formed a green-brown mixture. The consistency of the mucus varied from that of a semi-fluid gel to that of a tenacious plug that could be removed from the opened colon as a transparent cast ( fig. 3) .
Distal or nonsacculated colon contained similar mucus in 16 of 19 rabbits. In three the contents were pultaceous, and in one they were watery brown and mixed with mucus.
In seven of 19 affected rabbits the rectum contained mucus or mucous plugs, in nine it was empty, in two it contained feces and in one brown watery material mixed with mucus.
Mesenteric lymph nodes were slightly enlarged in four of 19 rabbits. Gall bladder was distended in 13 of 19.
Rabbits with transient or subclinical mucoid enteritis (group Ill), 6to 8-week-old controls (group IV), and 14-week-old controls (group V) were free of gross lesions. 
Histologic Featuws
Esophagus and stomach were free of lesions in all animals. In the duodenum, Brunner's glands of 18 of 19 rabbits with mucoid enteritis had dilated ducts and an associated cuboidal to low columnar acinar epithelium. Four of 13 control animals had a similar change. In contrast, one diseased rabbit and nine of the 13 controls had ducts with a narrow lumen and tall mucus-filled epithelial cells. The differences observed between the two kinds of glands suggest that mucus had been discharged in the affected animals and in four controls, whereas it remained in glands of most healthy rabbits.
An increase i n the size and number of goblet cells in intestinal epithelium was characteristic of mucoid enteritis. Thischange was observed in duodenum of one of 19 affected, in jejunum of 1 1 of 19, and in ileum in 16 of 19. This hyperplasia was most apparent in sections of ileum, where a moderate number of goblet cells are normally present and an increase is readily recognized ( fig. 4, 5) . Apart from these changes, small-bowel mucosa and submucosa were healthy and not inflamed. A few coccidia appeared in ileal epithelium of one affected rabbit. In two or three diseased rabbits there was a questionable increase in mononuclear cells of the lamina propria or a In 14 of 19 rabbits with mucoid enteritis the sacculus rotundus appeared to have an excess of goblet cells, but it was equally rich in these cells in seven of 13 controls.
One rabbit of 19 affected had goblet cell hyperplasia of the cecum, nine of 19 had no cecal lesion, and nine of 19 had low-grade changes, such as a few necrotic epithelial cells, patchy increase in mononuclear cells of the lamina propria, or a few focal aggregates of heterophils. These changes occurred in only two controls and were considered related to cecal stasis and impaction in the diseased animals. I n some rabbits plant material was deep in the mucosal glands or was adhered to epithelium.
Appendix, sacculated colon, distal colon, and rectum were so rich in goblet cells in both diseased and control animals that it was impossible to distinguish the two groups by examination of slides stained with hematoxylin and eosin. I n sections of distal colon stained by the alcian blue-PAS method, however, a change was recognized. I n nine of 13 healthy controls, colonic glands appeared as tall, parallel, U-shaped tubules composed of densely stained goblet cells that were either bright purple (neutral mucins) or bright deep blue (acidic mucins). Glandular lumina were narrow ( fig. 6 ) . I n 15 of 19 rabbits with mucoid enteritis, staining of neutral goblet cells remained unchanged, but those that were acidic contained a weakly stained light green-blue foamy mucus. In nine of the 15 with faintly stained mucus, the colonic crypts were irregularly dilated, and in many cases mucous plugs in the necks of glands appeared to be responsible for the dilatation (fig. 7 ). Faintly stained acidic goblet cells were seen in four of the 13 control rabbits, and dilated crypts occurred in two.
There were hyperplastic cortices in the mesenteric lymph nodes in 10 of 19 affected rabbits and in six of 13 controls.
Five of 19 rabbits with mucoid enteritis had diffuse depletion of parotid salivary gland zymogen, with vacuolar degeneration of exocrine cell cytoplasm. This change was not seen in controls. Mandibular salivary glands of diseased rabbits had greater variation in the ratio of serous to mucous elements than controls. Five rabbits with mucoid enteritis had 20% mucous acini, six had 40-60'1/,, and five had 80-100'~0. Four of the last group were 14-week-old animals. All 11 young controls had 40-50% mucous acini, and the two 14-week-old controls had 60%. Study of sublingual salivary glands was difficult to interpret, but there was no consistent difference between affected and control animals.
All but two of the 34 rabbits studied had a low-grade interstitial pneumonitis often associated with peribronchial lymphoid aggregates. This change was considered incidental as it occurred in both sick and healthy rabbits. Two rabbits with mucoid enteritis had great numbers of goblet cells in tracheal epithelium ( fig. 8 ) (without signs of inflammation), and two had moderate numbers of mucous cells. Two control rabbits had great numbers of goblet cells, and four had moderate numbers.
Seven of 19 rabbits with mucoid enteritis had focal aggregates of mononuclear leukocytes in myocardium. One of 13 controls had a similar change. Two 14-week-old rabbits with mucoid enteritis had goblet cell hyperplasia of hepatic bile ducts (without evidence of inflammation) ( fig. 9 ). This change was not seen in 13 controls. One 14-week-old affected rabbit of a total of 19 had goblet cell hyperplasia (without evidence of inflammation) of pancreatic ducts ( fig. lo ). This change was not observed in tissues from control rabbits. Fig. 8 . Tracheal epithelium from a 13-week-old rabbit with mucoid enteritis. Mucusfilled goblet cells are abundant. Alcian blue-PAS. Fig. 9 . Liver from a 13-week-old rabbit with mucoid enteritis. Goblet cells are prominent in bile-duct epithelium. HE. Fig. 10. Pancreas from a 9- week-old rabbit with mucoid enteritis. Goblet cells are excessive in size and number in this small pancreatic duct. Luminal casts occurred in controls as well. Alcian blue-PAS.
Low-grade nephrosis characterized by dilatation, protein casts, and pyknosis of epithelial nuclei of proximal convoluted tubules occurred in 10 of 19 rabbits with mucoid enteritis but in none of 13 controls.
Degenerative changes were seen in the adrenal glands of eight of 19 rabbits with mucoid enteritis but in no control. This change consisted of pyknosis of nuclei and deep acidophilia of cytoplasm of a moderate number of cells of the zona fasciculata and zona reticularis. Other tissues examined histologically were free of lesions.
Some features in rabbits with transient or subclinical mucoid enteritis (group 111) should be noted. One rabbit had mucus-rich Brunner's glands, a few coccidia in jejunum, abundant goblet cells i n ileum and sacculus rotundus, normally stained distal colon, hyperplasia of mesenteric lymph nodes.
90':O mucous mandibular salivary glands, mild pneumonitis, moderate numbers of goblet cells in trachea, and degenerative changes in adrenals. The other had mucus-rich Brunner's glands; a few coccidia in jejunum; abundant goblet cells in jejunum, sacculus rotundus, and cecum; faintly stained acidic mucus in the colon; dilated colonic crypts; hyperplastic mesenteric lymph nodes; 70'1/0 mucous mandibular salivary glands; mild pneumonitis; and great numbers of goblet cells in pancreatic ducts and trachea. It is difficult to interpret to what extent these changes represent the healthy norm or subclinical disease.
Discussion
The consistent clinical signs and the characteristic postmortem findings enable accurate diagnosis of mucoid enteritis. Several sections of small intestine, particularly ileum, should be examined, and nonsacculated colon should be stained with alcian blue-PAS. Diagnosis will be verified by the findings of goblet cell hyperplasia, depletion of richly stained acidic colonic mucus, and plugging and dilatation of colonic glands. In addition, the renal and adrenal changes appear to be reasonably consistent secondary lesions.
One feature that is not to be found in this disease is 'enteritis'. Mucoid enteritis is a misnomer, for there is no hyperemia, congestion, local leukccytic response, necrosis, or fever. Other reports of redness or necrosis of the intestinal mucosa included evidence of concurrent intestinal diseases. In this investigation all equivocal cases and cases with concomitant illness were eliminated. This was necessary for transmission and laboratory studies, and in so doing we may have eliminated certain variations of the mucoid enteritis state.
Death i n mucoid enteritis appears to result from a combination of conditions. Diseased rabbits have ileus, which in many respects is similar to the meconium ileus of cystic fibrosis: loss of fluid and electrolytes into gut lumen is similar to that of cholera, and secondary renal and adrenal failure also cause death. Paradoxical impaction of a part of intestine in a diarrheal disease appears to be unique to mucoid enteritis.
The extraintestinal lesions observed suggest that salivary glands are in some way affected, and that extraintestinal mucus-cell hyperplasia may occur. The fact that it is impossible to know which, if any, of the controls may have had subclinical illness does not help our understanding of these changes. The group 111 rabbits have been included in this report because some rabbits may have mucoid enteritis without blatant intestinal signs. Other researchers may regard these as healthy rabbits that for normal reasons had great numbers of mucous cells in trachea, pancreatic ducts, and intestine. Additional studies with SPF and conventional rabbits of several ages are indicated.
In our study it appeared that mucoid enteritis of rabbits was transmissible, although our evidence is not conclusive. It seems more than coincidental that the disease occurred in all threegroups ofexperimental rabbits 9-14daysafter inoculum was introduced. Future studies should include SPF rabbits, better isolation between inoculated and control animals, and larger doses of inoculum given over a longer period.
Mucoid enteritis of rabbits appears to be a subacute enterotoxin-induced secretory disease. As is the case i n cholera, affected rabbits hypersecrete electrolytes, water, and mucus from a histologically healthy epithelium. The effects are of more insidious onset and longer duration than those of cholera. Although most published reports regard mucoid enteritis as a disease of 2-3 days' duration, we feel that careful observation will reveal signs as early as [7] [8] days prior to death. The fluid-filled small-bowel loops i n mucoid enteritis appear morphologically similar to the isolated loops produced by enterotoxin. The sodium levels i n the fluid, as well as the serum electrolyte changes, suggest a secretory biochemical alteration of intestinal epithelium.
That mucoid enteritis of rabbits represents an animal model of cystic fibrosis is significant. Hypersecretion of mucus, mucous casts in glandular lumina, tenacious mucous plugs in intestinal lumen, inspissation of intestinal contents, secondary ileus, and succussion splash are features common to mucoid enteritis of rabbits and the intestinal form of cystic fibrosis. Although other features of cystic fibrosis, such as deranged motility of cilia or excessive sodium and chloride i n sweat and saliva, have not been shown to occur i n rabbits with mucoid enteritis, the comparable aspects nevertheless deserve in-depth investigation. In vivo and in vitro studies of colonic mucosa of rabbits with mucoid enteritis should allow greater understanding of the biochemical alterations occurring in mucus hypersecretory states. Furthermore, mucoid enteritis may represent a link in pathogenesis, at the cellular level, between two previously unrelated types of human disease: enterotoxin-induced diarrheas and cystic fibrosis. Cholera is characterized by acute derangement of electrolytes, considerable secretion of water, and acute discharge of mucus; mucoid enteritis by subacute derangement of electrolytes, moderate loss of water, and subacute discharge of mucus; and cystic fibrosis by chronic derangement of electrolytes, slight loss of water, and chronic discharge of mucus.
